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Preservation of Metal-Carbon Bonds During Direct Fl uorination , a Pract ical

Synthetic Method. The Synthesis of Tetrakis (trifluoromethyl)germafliUm .

by

*
E. Liu and R. J. Lagow

Sumary : The metal-carbon bonds in tetramethylgermanium have been

preserved during direct fluorination . Tetrakis(trifluoromethyl)germaflium

has been produced from the controlled reaction of elemental fluorine with

tetramethyl german I urn.

Recently we have reported the first cases of preservation of
1

mercury-carbon and silicon-carbon bonds during direct fluorination . This

synthetic method as appl ied to metal alkyl s was regarded even in our

laboratory as only a chemical curiosity. Recent results have shown that

in some cases direct fluorination may be not only a practical synthetic

method but one of choice for the preparation of perfluoroalkyl organo-

metallics.

By controlling the fluorine concentration and temperature, we are

able to obtain tetrakis(trifluoromethyl )gerinanlum , Ge(CF 3)~, In 63.5%

yield from the reaction of tetramethylgermanium and fluorine. The experi-

mental apparatus used has been discussed previously.
2 
The physical and

spectral properties of Ge(CF3)~. are identical with those of the same



compound first prepared in 1975 In our laboratory using plasma techniques.

The best fluorination conditions are the following :

Fluorine Flow Hel ium Flow Temperature Hours

1 cc/mm 60 cc/mm _l000 48
II II —90 12

II II -80 14

II II -70 8

II II -60 14

II II —50 10

Ii II -40 12

II II -30 10

II —20 14

Ge(CH3)~+ F2/He Ge(CF3)~+ HF

0.87 gm 1.45 gm (63.5% yield)

The reaction is remarkably temperature dependent due to the extremely

low reactivity of the partially fluorinated tetramethylgermanium compounds.

If the reaction is run with a fluorine flow of 1 cc/minute to a hel ium flow

0of 60 cc/minute at -100 C for 150 hours, the yield of Ge(CF3)~ Is only

1.1%. However if the reaction is run with a fluorine flow of 1 cc/minute

to a helium flow of 60 cc/mInute at -1000C for 2 days and the temperature

increased 100 per day to -60~, the yield of Ge(CF3)~ increases to 6%.

When the yield of Ge(CF3)t~ Is low , one obtains a number of partially

fluorinated tetramethylgermanlum compounds. Most of the compounds contain

- .1.~~~~~
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the appropriate Integration are sufficient for Identification of the

compounds. For example, the compound Ge(CF3)2(CF2H)2 gives the following

tllR: H: CF2H group; triplet, 
~HF = 45.5; F: CF3 group, pentet,

~FF 3.2 resultIng from coupling of two CF2H groups, and CF2H group,

doublet, ‘3HF 46.0, with each doublet being a septet, 
~FF = 3.1 resulting

from fluorine coupl ing of two CF3groups . The compounds were separated

on 10% SE-30 on a chromsorb P columns.
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